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IN’1’l<OI)UCTION

‘]’hc NASA/JPI,  airborne SAR (AIRSAR) sys[em operates in the fully poIarinWric  mode
at P-, 1.- and C-bind  simultaneous] y or in the interferometric  mode in both 1,- and C-band
simultaneously. ‘l’he system became opcrationa] in late 1987 and flew its first mission
aboard a DC-8 aircraft opera(ecl by NASA’s Ames Research Center in Mountain View,
California. Since then, the AI WAR has flown missions every year and acquirc(i  images
in North, Central and South America, Iluropc ant] Austra]ia.

In this paper, we will briefly describe the instrument characteristics, [hc evolution of the
various radar modes, the instrument pcrf’oimance  and improvement in the knowledge of
the positioning and atlitude  information of the radar. ln addition, we will summarim the
progress of the data processing effort especially in the interfcrometry  processing. F’inal]y,
wc will address the issue of processing al]c] calibrating the cross-track interfcrometry
(X1’J) data.

lNS’J’J<lJMItNrJ’ CIIAI<AC’I’J<;I< IS’J’JCS

in AI RSAR, transmit polarization diversity is achicvccl  by alternately transmitting the
signals using horizontal or vcr[ical  pola~iz,:ltions. Receive polarization diversity is
accomplished by measuring six channels of raw clata simultaneously, both 11 ant] V
polarizations at all three frequencies. “1’he video ciata arc digitized using 8-bit AI)CS,
providing a dynamic range in excess of 40 d]] and, together with navigation data, stored
on tape using high density cligital  rccordcrs  . “J’bc AIRSAR  system also incluclcs  a rcai-
timc processor capable of processing any onc of the 12 radar channels into a scrolling
image. ]n addition to checking the health of the radar, the scrolling clisplay  is also USCC1  to
ensure that the correct area has been intagcd. ‘1’able 1 provides a summary of the
Al RSAR system characteristics. AIRSAR can bc operated in many different moclcs due
to the complexity and flexibility of the instmnlent. ‘1’hc evolution of these radar mode.s is
summarized in the following section.



“1’able 1. StlInt~~ary of AIRSARsystcl~~  ch:ir:lcteristics. ‘J’he paramc(crs in ( ) apply to 40
Mllz, chirp bandwidth configLwation.
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I< AI)AR MODIM

When AIRSAR flew its first scientific mission in 1988, it was capable of imaging sites
in P-, 1,-, and C-band sinlLlltancously  in polarimctric  mode or 1,- and C-band along-track
intcrferomctric (Arl’l) mode. Arl’J mode was sLlccessfLll]y  used to image ocean currents
ancl waves moving in the radar line-of-sigh{ direction, Since then, more antennas and
antenna switching networks have bmn installed to accommodate cross-track
intcrferometric  (X”]’]) and bistatic modes. X“I’I mock was successfully used to gcnera[e
topographic maps of areas of interest whereas the bistatic mode was SLICCcSSfLll]y usecl to
collect data in conjunction with I+ I-l S-l (CVV) and SIR-C (1 ,VV ant] CVV). l;ig Lwc 1
shows the relative location of all the antennas currently avai]ablc on the IIC-8 an(i their
polarization. ‘1’able 2 sLmmlarims the evolution of these radar mocks.

As shown in ‘1’ab]e  2 and l;igLwc  1, the baseline of the C-batld Arl’J mode was slior(cncd
significantly in 1991 by pairing up the, newly added C-bt antenna with the C-SAR
antenna in an effort to increase the sensitivity to shorter clecorrclation  time of ocean
currents. Prior to 1995, the single frequency Xrl’l mode (X’1’l I ) was operated with onc
transmit antenna that proviclcs  the best possible SNI<. “J’hc reason is that the transmit path
via the C-tp antenna is 3 m shorter than that of the C.-bt antenna, hcncc giving  LIS better
SNR. Since 1995, we have been experimenting with altc~nating the transmit antenna
bctwccn  the top and the bottom antenn:ts. ‘J’his cffectivc] y doLlblcc] [he base.]i [lc and
initial data analysis showed that the longer  baseline prod LIccd Il}ih4s  (digital elevation
models) with redLlced RMS height error as cxpec(ed. in addition, the newly added 1,-
bancl  XrH mode prodLlced llJiMs of s] ight 1 y higher RMS height error dLlc to shorter
baseline length (scaled by wavelength) compared to those Of C-band X-l’] lllOdC,
althoLlgh  much work remains to bc clone to calibrate the 1.-band X’]’] mode.



‘lo proclucc accLwatc  DI{Ms, we need to kl)ow the basc]inc prccisc]y. ‘1’o (]o this, wc have
also ppgraded  the inertia] Navigation Systeln (INS) an(i the. CJIOt);Il  Posit ionir]g  System
‘(GI’S) receiver in order to have more accurate know]cdgc  of the location and attitLldc  of
the ahtennas.  The upgrades are described in [hc nex( section.
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l~i.gure  1. View of relative loca[ion  of the antennas (not to scale).

‘liable 2. SLlmnlary  of the available radar mocics for All<SAR.  +: Since 1994, P-band is
allowed to transmit in the U.S only when the radar is in 20 M}ly, chirp bandwidth mode.
If special c]carance  is obtained prior to the fJight, P-band is then allowed to transmit in 40
Ml Iz, chirp bandwidth mode alio.
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NAVIGATION SYS’JWM

‘l’he original navigation system of }. II<SAI< consisted of a IIoncywcl]  INS with a ring
laser gyro that dcterminccl  the attitucle  of the aircraft and a Motorola l~agle 4-channel
GI’S rcccivcr that provided the positionin~  information (latitude and longitude) of the
aircraft. As tcchno]ogy  advanced ancl our ncecl for more accurate positioning an(i at~itLldc
information bccamc more stt’ingcnt,  wc purchased a ncw Motorola Sjx-~Jun ~JPS  rcccivcr
and a new ]-loneywcll  Integrated GPS and INS (]CJ]) in 1994. l’hc  SiX-~JUI]  (3?’,S rcceivcr
has six channc]s  and a much more stable clock compared to the old unit ancl provides
positioning accuracy of 100 m using CA COCIC.  ‘l’his receiver was integrated in the raclar
in 1994. The Honeywcl]  IGl has a smaller a~lc] more sensitive ring laser gyro integrated
with a GPS reccivcr capabIe of re.cciving  lhc. more ac.curate but restric(cd Prccisc
l’ositionin.g Scrvicc  (}3>S) data. The specifications on this unit are: 0.02’) heading
accuracy, 0.01” roll and pitch accuracy, 0,03 m/s velocity accuracy pcr axis, anti 16 m
positioning accuracy with PPS. I’he ]Gl was instal]ccl  on the IIC-8 in 1994 bLlt the clata
were rccordcd off-line and were not available in the raciar hcacler  until the. 1995 flight
season.

in addition, we have also cxperimcntccl  with differential GJ’S by using a “1’Llrbo  RogLIe

GPS receiver on the aircraft in conjunction with another l’Llrbo ROgLIC rcce.ivct’  on the
ground. ‘l’his experimen[
.111. ancl  requires special
m.

DA’1’A I) ROCXSSING

is usually suppor[cd by the  CJI’S  experts from mother  section at
post-processing to obtain positioning accuracy of bct[cr than 1

A variety of processors and processing t.echniqucs -are utilized to process AIRSAR data to
imagery. A real-time correlator  is part of the AIRSAR radar flight equipment (the
Aircraft Flight  Correlator) and is L]sed to produce low resolution (approx,  25 meter) two
look survey imagery. ‘l’he same on-board cc]uipment is used to generate a slightly higher
resolution (15 meter), 16 look image of a sma]lcr area (12 km x 7 km) within 10 rninutcs
of acquisition using the quick-look processor. “1’hese on-boarcl processors are uscfu] for
assessing the genera] health of the raclar ancl the SL]CCCSS of clata  taking in real-time.

l;inal processing of selected portions of the data to high quality, fLdly calibrateci image
proc]L~cts  happens in the weeks ancl months followitlg  a flight campaign. Currently, users
may rcc]Llcst  images from two different opcrationa]  processors, the synoptic processor ancl
the frame processor. In the synoptic processol, the LIscr specifies three data channc]s  to
bc processed. About five minutes of raw data from cac.h of the three sclectecl  chanllclS
arc processed to 16 looks ancl amplitLlde-only image strips, covering about 40 km along
track. in 40 MIIz mode, the image strips would bc 8 looks ant] 20 km long. ‘1’hcse image
strips cover abOLlt 9 km in the slant range. ciil  cction  for the 20 Mlly,  mode aJIcl 4.5 km for
the do Ml 17, IllOdC.

]n terms of frame processing, wc cur’t’cnt]y  supporl  two pmccssor versions: the All<SAl<
pmccssor  (version 3.5x) :incl the nsw intc~laiccl process~r  (version 5.x), which is still
qncler  clcvclopment  (cspcc~a]ly  in XTI calib~ation). 1995 has been a transition year for’
the AIRSAR ground processing facility. ‘1’he new integrated processor was developed
mainly to process XT] clata routinely since X-ll ]noclc }las bccolnc  increasingly popLllar.
]n order to do so, wc nccdccl a ncw processor that tracks ancl  compensates for the motion
of the aircraft since uncorrected motion translates  into baseline error bctwccn  Lhc two
ante.nnas, which results in height error in the 1 )1 iM. in adclition  [o motion compensation,
the new integrated processor is also capable. of :ene.rating  images  with full range swath as
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opposed to half range swath with the version 3.S processor. The XrJ’l proccssm still
needs an accurate algorithm to determine absolute phase. In adc~ition,  better calibration
is rcquirccl to remove systematic height errors in DEM.

As with the previoLls  version, the integrated ~Jrocc.ssor processes onc minute of raw clata
of all available data channels into absolutely calibrated images in compressed Stokes
matrix format that contains all the polarization information. ]f C-band  CI’OSS-traCk
interferometer data arc available for the data talm, the integrated processor will generate a
digital elevation mode] and a local incidence. angle map. By using the local incidence
allglc map, all output images will be geometrically and radiomctrically  corrected taking
the topography into accoLmt  and resanlplcd  to groLlncl ran~e  with a 10 m by 1() m pixel
spacing. “l’he outpLlt  images cover aboLlt 10-12 km in the range direction by about 10 km
in the along-track direction for the 40 Mllz  mode, and aboLlt 20 km in the range direction
by about 10 km in the along-track direction for the 20 Ml Iz, mode. Although the raclar
data rate allows  LIS to image about 20 km in range swath for the 20 M}lz,  mode, the
increasing phase noise dLIe to decreasing SNR as a fLlnction  of incidence mlglc rcdLlces
the correlation between the two antenna channc.ls.  As a result, the RMS height crmr can
be qLlitc large in far swath dLlc to poor SNR,

I)A’lA  CAI.IIIRA’1’1ON

l’hc calibration of polarimetric  data is well understood. Briefly, with the calibration tone
in the receive chain anti corner reflector vc.rification,  wc arc able to consistently prodLlce
polarimctric images with better than 3 cl]] absolute, accuracy, better than 1.5 dl] relative
accuracy amongsl  the 3 raclar frequencies, ancl better than 0.5 d]] between the
polarization  channels, The relative phase calibration bctwccn  the 111 I and VV channe]s  is
better than 10’.

‘l’he calibration of Xl’] data is nlLlch more challenging becaLlse various parameters, such
as baseline vector, are involved in the Xrl’l data processing. ‘l’he abso]Lltc  phase must be
known in orcler  to derive height information from the intmfc.romctric  clata  without 27c
anlbigLlity.  l’he differential phase (between two channc.ls) of the radar can be a fLlnction
of system temperature. q’hercfore,  we nec.d  to determine both absolute and differential
phase for each data take. In addition, accLlrate  knowlc,(ige  of the baseline between the
two antennas to a few mini-meters is necessary to generate  accurate I) I{ Ms. We have
sLwcessfully used the corner reflector array at Rosamond  Dry 1,akc to determine the
baseline for ~-band antennas ant] arc cLlrrently working on the 1 -band antennas that wc
started operating in 1995.

SIJMMARY

in this paper, wc described the AlI<SAT{ instrument characteristics, the evolLltion  of the
varioLls  radar modes, and improvement in the navigation system, In addition, we
sLlmn)arized tllc progress of the data processing effort and briefly addressed some of the
chal]cngcs  in calibrating the Xrl’l data. Wc hope to resolve the, phase calibration issues
with the 1995 dLlal frcqLlcncy  XT1 clata in the Ilcar future so that wc could provide users
with lJliMs at 1.,- and ~-band roLltinely.
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